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(57) ABSTRACT

An imaging lens includes a first lens group having a positive
refractive power on an object side and including at least three
positive lenses and at least two negative lenses, and a second
lens group having a negative refractive power on an image
side and having a negative lens, the first and second lens
groups arranged in this order from the object side with a
widest air space in-between, wherein in focusing an object
from infinity to a close range, only the first lens group is
moved to the object side and the second lens group is fixed
relative to an image plane.
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IMAGING LENS, CAMERA AND HAND-HELD
DATA TERMINAL DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

The present application is based on and claims priority
from Japanese Patent Application No. 2012-61273, filed on
Mar. 16, 2012, the disclosure of which is hereby incorporated
by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to improvement in a single
focus imaging lens for use in an optical system of various
cameras such as silver-salf camera, digital camera, video
camera, security camera. In particular, it relates to an imaging
lens suitable for an imaging device incorporating an electric
imaging element such as a digital camera or video camera as
well as a camera and a hand-held data terminal device incor-
porating such an imaging lens.

2. Description of the Related Art

A digital still camera or digital video camera including a
solid image sensor as CCD, CMOS is widespread. Especially,
a still-image digital camera has replaced a silver salt camera.
In a developed digital camera market users’ demands are
various and diverse. Users place great expectations on high-
quality compact-size cameras incorporating a large image
sensor with a width across corners of 20 mm to 45 mm and a
high-performance single focus lens. Users expect a higher-
performance, smaller-size, and higher-portability digital
camera. In terms of high performance, such a camera needs to
exert resolution equivalent to an image sensor with 10 to 20
million pixels, generate, at the maximal aperture of a dia-
phragm, images at a high contrast, with less coma flares, less
blurs in point images even at the periphery of angle of view,
less color aberration and no false color even in a portion with
a large brightness difference, and less distortion. In view of a
larger diameter, it requires at least F2.8 or less for the purpose
of differentiating from a general compact camera mounting a
zoom lens.

In view of downsizing, an actual focal length is long due to
the use of a relatively large image sensor so that the total lens
length standardized by a focal length or maximal image
height has to be shorter than when a small image sensor is
used. Further, a half angle of view is preferably 28 degrees or
more with users’ preference to a wide-angle lens taken into
account. A half angle of view of 28 degrees is equivalent to a
focal length of about 41 mm of a 35 mm silver salt camera.

A typical wide-angle, single focus lens is a retrofocus lens
configured of a lens group with a negative refractive power on
an object side and a lens group with a positive refractive
power on an image side. The retrofocus lens can meet the
demand that exit pupil position is set far from the image plane
and periphery light beams should be incident on an area
sensor at an almost vertical angle due to the property of the
area sensor having a color filter and a micro lens on each
pixel. However, the retrofocus lens originally aims to be used
as areplacement lens of a single lens reflex camera and secure
a back focus so that the total lens length from an object-lens
surface to the image plane tends to be long.

Meanwhile, there has been progress in relatively large
images sensors with width across corners of 20 to 45 mm
owing to improvement or optimization of on-chip micro
lenses and advanced image processing. Therefore, a diagonal
incidence of periphery light beams on the sensor does not
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cause a large problem. For example, an optical system which
allows an angle of 30 degrees or so between a principal beam
and the optical axis at a maximal image height can be
designed. Thus, the vertical incidence of peripheral beams
does not matter much and a lens suitable for a downsized
device is now available.

A symmetric type lens or a telephoto lens including a lens
group with a negative refractive power on image side is more
appropriate for a compact camera. Such a lens is disclosed in
Japanese Patent Application Publication No. S63-24213
(Reference 1), No. H09-236746 (Reference 2), No. 2000-
321490 (Reference 3), No 2005-352060 (Reference 4), and
No. 2009-216858 (Reference 5), for example.

The imaging lens disclosed in Reference 1 is a telephoto
lens of four groups and four lenses often used in a silver film
compact camera. It is a small size but insufficient in terms of
optical performance due to curvature of field and large astig-
matism. The imaging lenses in References 2 and 4 are of a
small size with high imaging performance but not good for a
digital camera since the angle between the principal beam and
optical axis exceeds 35 degrees at the maximal image height.
The imaging lens of a large diameter in Reference 3 includes
alarge number oflenses and is not cost effective. The imaging
lens in Reference 5 faces a problem in downsizing because of
a large total length relative to focal length. Further, the imag-
ing lenses in References 3 to 5 has a problem with downsizing
and portability since it does not include a wide air space and
secure a back focus and cannot be contained thinly even with
use of a collapse mechanism.

SUMMARY OF THE INVENTION

The present invention aims to provide a wide angle, low-
cost, high-performance compact imaging lens for a digital
camera or a hand-held data device which has a half angle of
view of 28 to 36 degrees, F number of 2.8 or less, a resolution
equivalent to 10 to 20 million pixels, and less aberrations.
This imaging lens can simplify and downsize a focus mecha-
nism with a reduced variation in imaging performance when
focusing on an object in a limited distance.

According to one aspect of the present invention, an imag-
ing lens includes a first lens group having a positive refractive
power on an object side and including at least three positive
lenses and at least two negative lenses, and a second lens
group having a negative refractive power on an image side
and having a negative lens, the first and second lens groups
arranged in this order from the object side with a widest air
space in-between, in which in focusing an object from infinity
to aclose range, only the first lens group is moved to the object
side and the second lens group is fixed relative to an image
plane.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, embodiments, and advantages of the present
invention will become apparent from the following detailed
description with reference to the accompanying drawings:

FIG. 1 is a cross section view of the optical system of an
imaging lens according to a first embodiment of the present
invention;

FIG. 2 is a cross section view of the optical system of an
imaging lens according to a second embodiment of the
present invention;

FIG. 3 is a cross section view of the optical system of an
imaging lens according to a third embodiment of the present
invention;
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FIG. 4 is a cross section view of the optical system of an
imaging lens according to a fourth embodiment of the present
invention;

FIG. 5 is a cross section view of the optical system of an
imaging lens according to a fifth embodiment of the present
invention;

FIG. 6 is a cross section view of the optical system of an
imaging lens according to a sixth embodiment of the present
invention;

FIG. 7 shows the aberration curves of the imaging lens in
FIG. 1 according to the first embodiment when focusing on an
infinite object;

FIG. 8 shows the aberration curves of the imaging lens in
FIG. 1 according to the first embodiment when focusing on a
close-range object at a magnification of —Y%o0;

FIG. 9 shows the aberration curves of the imaging lens in
FIG. 2 according to the second embodiment when focusing
on a close-range object at infinity;

FIG. 10 shows the aberration curves of the imaging lens in
FIG. 2 according to the second embodiment when focusing
on a close-range object at a magnification of —Y%o;

FIG. 11 shows the aberration curves of the imaging lens in
FIG. 3 according to the third embodiment when focusing on
a close-range object at infinity;

FIG. 12 shows the aberration curves of the imaging lens in
FIG. 3 according to the third embodiment when focusing on
a close-range object at a magnification of —o;

FIG. 13 shows the aberration curves of the imaging lens in
FIG. 4 according to the fourth embodiment when focusing on
an infinite object;

FIG. 14 shows the aberration curves of the imaging lens in
FIG. 4 according to the fourth embodiment when focusing on
a close-range object at a magnification of —o;

FIG. 15 shows the aberration curves of the imaging lens in
FIG. 5 according to the fiftth embodiment when focusing on a
close-range object at infinity;

FIG. 16 shows the aberration curves of the imaging lens in
FIG. 5 according to the fiftth embodiment when focusing on a
close-range object at a magnification of —Y%o0;

FIG. 17 shows the aberration curves of the imaging lens in
FIG. 6 according to the sixth embodiment when focusing on
a close-range object at infinity;

FIG. 18 shows the aberration curves of the imaging lens in
FIG. 6 according to the sixth embodiment when focusing on
a close-range object at a magnification of —o;

FIG. 19A is a perspective view of a digital camera as an
example of imaging device according to a seventh embodi-
ment when the imaging lens according to one of the first to
sixth embodiments is collapsed into a camera body, and FIG.
198 is a perspective view of the same when the imaging lens
is partially protruded;

FIG. 20 is a perspective view of the rear side of the digital
camera in FIG. 19A; and

FIG. 21 is a block diagram of the functions of the digital
camera in FIGS. 19A, 19B, and 20.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

First, the principle of the present invention is described.
The imaging lenses in the following embodiments aim to be
downsized in the total length to resolve the problems with a
telephoto lens. The telephoto lens is unsuitable for a digital
camera since the incidence angle of a peripheral beam on the
image plane is as large as 35 to 45 degrees. A compact,
high-imaging performance telephoto lens is not cost effective
since it requires a large number of lenses and spherical sur-
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faces. One with the incidence angle of 30 degrees or less is not
small enough and cannot exert high performance. Further, the
telephoto imaging lens for a silver-salt camera is generally
protruded entirely for focusing, so that a moving portion is
large and heavy and moves at a moving large amount.

Inthe imaging lens according to one embodiment, only the
first lens group is moved to the object side while the second
lens group with a negative refractive power is fixed relative to
the image plane when focusing on object at infinity to a close
range. Accordingly, the moving portion can be downsized and
lighter in weight compared with moving the entire lens sys-
tem for focusing. Further, the second lens group is a kind of
rear converter with a magnification of over 1.0. The focal
length of the first lens group can be shortened than that of the
entire lens system and the moving amount thereof in focusing
is reduced from the total protrusion.

Moreover, the first and second lens groups are disposed
with a relatively large air space. They can function as an
imaging group and as a rear converter and field flattener
separately and properly. Thereby, unnecessarily large aberra-
tions can be prevented from transferring between the first and
second lens groups. During non-use, the first and second lens
groups can be contained thinly with a reduced interval ther-
ebetween, and is suitable for a downsized camera. In com-
parison with reducing the distance of a lens system from a
face closest to the object side to the image plane or the
distance from that closest to the object side to that closest to
the image, the imaging lens as above can correct aberrations
more easily, reduce the number of lenses or aspheric lens
faces, and reduce manufacturing error sensitivity.

The first lens group as a focus lens is preferably configured
of at least three positive lenses and at least two negative
lenses. It can sufficiently correct aberrations and exert high
imaging performance with a half angle of view of 28 to 36
degrees and F-number of 2.8 or less. Since aberrations are
corrected by the first lens group, the second lens group can be
comprised of a single negative lens and sufficiently thin
although it is near the image plane and tends to be large in
size.

Thus, the imaging lens is optimally designed, and a wide-
range, large diameter, high-performance compact imaging
lens can be realized at low cost.

Further, the first and second lens groups are arranged to
satisfy the following condition:

0.20<D) 6.5 6/L<0.50 1.

where D, ., is a distance from a lens surface of the first lens
group closest to the image to a lens surface of the second lens
group closest to the object side when focusing on the infinite
object, and L is a distance from a lens surface of'the first lens
group closest to the object side to the image plane when
focusing on the infinite object. With the distance being below
a lower limit 0f 0.20, the second lens group is too close to the
first lens group so that it cannot sufficiently work as a field
flattener to reduce curvature of field. Further, a variation in
spherical aberration is increased during focusing, causing a
decrease in contrast in a close range. Also, a gap between the
first and second lens groups during non-use cannot be short-
ened enough to be contained thinly.

Meanwhile, with the distance being over the upper limit of
0.50, the first lens group as a focus lens cannot have a suffi-
cient thickness to properly correct aberrations. To properly
correct aberrations, the distance is preferably set to satisfy the
following condition:

0.25<D)26/L<0.45
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Further, the first and second lens groups are arranged to
satisfy the following second condition:

0.75<f,6//<0.95 2.

where f| ; is a focal length of the first lens group, and f'is a
focal length of the entire lens system. With the parameter
being below the lower limit 0.7+5, the magnifying power of
the second lens group is too large so that it excessively cor-
rects curvature of field and coma aberrations occur.

Meanwhile, with the parameter being over the upper limit
01'0.95, the magnifying power of the second lens group is too
close to 1.0 and a telephoto property is decreased. Thus, the
total lens length cannot be shortened. In addition the second
lens group cannot function as a field flatter sufficiently to
properly correct curvature of field.

The negative lens of the second lens group is preferably a
meniscus lens with a concave surface on the object side which
can optimally work as a field flattener.

To improve the flatness of the image plane, the second lens
group is configured to satisfy the following third condition:

=6.5<(RagrtRoor) RocrRacr)<-1.0 3

where R, ;- is a curvature radius of an object-side surface of
the negative lens, and R, 5 is a curvature radius of an image
side surface thereof. With the parameter being below the
lower limit of 6.5, the negative lens of the second lens group
exerts too large bending to excessively correct curvature of
field. Meanwhile, with the parameter being over the upper
limit of -1.0, the bending of the second lens group is too low
to correct curvature of field properly.

Further, the first lens group preferably includes an aperture
diaphragm, a front lens group arranged closer to the object
side than the aperture diaphragm, and a rear lens group
arranged closer to the image side than the aperture dia-
phragm. The first lens group is configured to satisfy the fol-
lowing fourth condition:

1.0<f 5f<2.0 4.

where f;, - is a focal length of the front lens group and f'is a
focal length of the entire lens system. With the parameter
being below the lower limit of 1.0, the refractive power of the
lenses closer to the object side than the aperture diaphragm is
heightened and that of the lenses closer to the image side is
weakened so that a sufficient exit pupil distance cannot be
secured. With the parameter being over the upper limit of 2.0,
the refractive power of the lenses closer to the image side than
the aperture diaphragm is heightened and that of the lenses
closer to the object side is weakened, which likely causes a
negative distortion. With the parameter outside the range of
the condition, the other aberrations will be off-balanced.

Moreover, the rear lens group preferably includes a nega-
tive lens closest to the object and having a concave surface on
the object side and is preferably configured to satisfy the
following fifth condition:

-2.5<R per/Dirc-1re<-1.0 5.

where R, ;5 is a curvature radius of the concave surface of
the negative lens and D,z zs 1s a distance from a lens
surface of the front lens group closest to the image to a lens
surface of the rear lens group closest to the object. With the
parameter being below the lower limit of -2.5, a coma aber-
ration in inner orientation is likely to occur while with the
parameter being over the upper limit of -1.0, that in outer
orientation is likely to occur. If a shutter in addition to the
aperture diaphragm is provided between the front and rear
lens groups, a space therefor cannot be acquired with the
parameter being over the upper limit of -1.0,
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To properly correct coma aberrations and astigmatism, the
rear lens group preferably includes an aspheric surface
shaped such that the closer to a periphery a portion is, the
smaller a positive refractive power the portion has. The rear
lens group is preferably configured to satisfy the following
sixth condition:

0.25<Lg /Ls <0.55 6.

where L _, is a distance from the aperture diaphragm to the
aspheric surface and L , is a distance from the aperture dia-
phragm to the image plane.

With the parameter being below the lower limit 0o 0.25, the
aspheric surface approaches the aperture diaphragm too
closely, and the center and periphery of a light beam are not
separated enough to correct astigmatism. With the parameter
being over the upper limit 0.55, the aspheric surface is too far
from the aperture diaphragm, and a light beam cannot be
formed in diameter enough to correct coma aberrations.

Further, the rear lens group preferably comprises, from the
object side, a negative lens with a concave surface on the
object side, a positive lens with a convex surface on the image
side, and a positive lens with a convex surface on the image
side. The object-side surface of the negative lens and the
image-side surface of the positive lens are approximately
concentric relative to the aperture diaphragm, aiming for
prevention of coma aberration. Also, owing to the refractive
power of the two positive lenses, the exit pupil can be at an
appropriate position far from the image plane. Furthermore,
the negative lens of the rear lens group closest to the object
sideis preferably bonded with the positive lens adjacent to the
negative lens on the image side. This can reduce substantive
manufacturing error sensitivity which would otherwise occur
due to the transfer of aberration between the two lens surfaces
in question. This also leads to decreasing the number of parts
of'alens barrel to hold the imaging lens and achieving a stable
performance.

Moreover, the imaging lens is preferably configured to
satisfy the following seventh condition in order to limit the
entire lens length:

1.2<L/f<2.0 7.

With the parameter being below the lower limit of 1.2, overall
aberration correction becomes difficult. With the parameter
being over the upper limit of 2.0, the optical system can be
properly designed without the use of the imaging lens accord-
ing to one embodiment.

Further, the imaging lens is configured to satisfy the fol-
lowing eighth and ninth conditions in order to limit the angle
of view of the imaging lens and the incidence angle of an
off-axial beam on the image plane, respectively:

0.50<Y7%f<0.75 8.

0.50<tan(6P,,,,)<0.70 9.

whereY' is a maximal image height and 6P, . is an incidence
angle of a principal beam reaching the maximal image height
on the image plane, and f is a focal length of the entire lens
system in focusing on the infinite object.

Specifically, at least three positive lenses of the first lens
group are configured to satisfy the following tenth and elev-
enth conditions:

1.75<n,4,,<1.95 10.

35.0<v,4,,<50.0 11.

where n,,, is a mean value of the refractive indexes of the
positive lenses and v, is a mean value of the abbe numbers
thereof.
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The three positive lenses formed from a material with a
high refractive index and low dispersion satisfying the two
conditions can reduce curvature of field and color aberrations.
More preferably, the first lens group includes an aspheric
surface for the purpose of effectively correct spherical aber-
ration and coma aberration which increase along with a larger
diameter lens.

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings. Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts.

It will become apparent from the following first to sixth
embodiments that the imaging lens can properly correct
spherical aberrations, astigmatism, curvature of field, and
chromatic aberration of magnification, and a large diameter
imaging lens with a half angle of 28 to 36 degrees, F-number
of 2.8 or less and high imaging performance can be realized.

Symbols and codes used hereinafter denote as follows:

f: total focal length of lens system

F: F-number

R: curvature radius of lens surface (paraxial curvature radius
of aspheric surface)

D: interval between two lens surfaces on the axis

Nd: refractive index

vd: Abbe number

: half field of angle (degree)

Moreover, the imaging lenses according to the first to sixth
embodiments each include aspheric surfaces. The aspheric
surfaces can be formed directly by molding or by forming a
thin resin film on spherical surfaces such as a hybrid aspheric
lens. The aspheric surface is expressed by the following
known formula:

cH?

Xz—
1+ V{l -=(1+K)*H?}

+Ay-HY 4 Ag-HS + Ag-HS + Ay - H'®

where X is an amount of asphericity along the optical axis, ¢
is a paraxial curvature (inverse of paraxial curvature radius),
H is height from the optical axis, k is a conic constant and A ,,
Ag, Ag, A, . . . fourth, sixth, eighth, tenth, . . . aspheric
constants.

First Embodiment

The imaging lens according to the first embodiment is
described with reference to FIG. 1. FIG. 1 cross-sectionally
shows the configuration of the imaging lens when focusing on
an object at infinity. The imaging lens in FIG. 1 is comprised
of first to third lenses L1 to L3, an aperture diaphragm AP,
fourth to seventh lenses [.4 to L7 arranged in this order from
the object side to the image plane. The second and third lenses
L2, L3 are a cemented lens and so are the fourth and fifth
lenses 1.4, L5. Thus, it is comprised of 5 groups and 7 lenses.
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Further, the lenses are integrally moved as a first lens group
G1 with a positive refractive power and a second lens group
(G2 with a negative refractive power arranged in this order
from the object side. Each of the first and second lens groups
G1, G2 is supported in a frame and the first lens group G1 is
moved along the optical axis for focusing. A largest air space
DA is variably provided between the first and second lens
groups G1, G2.

The first lens group G1 is comprised of the first to sixth
lenses [.1 to L.6. The first lens 1 is a positive lens with two
convex surfaces, a larger convex on the image side. The
second lens .2 is a negative lens with two concave surfaces,
a larger concave on the image side. The third lens L3 is a
positive lens with two convex surfaces, a larger convex on the
object side. The fourth lens [.4 is a negative lens with two
concave surfaces, a larger concave on the object side. The fifth
lens L5 is a positive lens with two convex surfaces, a larger
convex on the image side. The sixth lens [.6 is a positive lens
with two convex surfaces, a larger convex on the image side.

Also, the first lens group G1 includes the aperture dia-
phragm AP, a front lens group G1F and a rear lens group G1R
placing the aperture diaphragm in-between. The front lens
group G1F on the object side includes the lenses L1 to L3 and
the rear lens group G1R on the image side includes the fourth
to sixth lenses .4 to 1.6. The second lens group G2 is the
seventh lens L7 as a negative meniscus lens with a larger
concave surface on the object side.

A back glass BG is disposed behind the first and second
lens groups G1, G2 on the image side. Alternatively, any ofa
lowpass filter, infrared cut glass, and cover glass to protect the
light receiving surface of a solid image sensor can be used. An
imaging system for a digital still camera using a solid image
sensor as CCD or CMOS generally includes any of these
elements. In the first to sixth embodiments the back glass BG
is regarded as a single plane parallel plate. The single plane
parallel plate is placed with an image-side surface at a posi-
tion about 0.5 mm away from the image plane by way of
example. It should notbe limited to such an example. It can be
divided into plural plates.

In focusing on an object from a limited or close range to
infinity, only the first lens group G1 is moved along the optical
axis to protrude while the second lens group G2 is fixed.
FIGS. 1 to 6 also show lens surfaces R1 to R15 and the same
reference numbers are used therein, however, the lenses may
be differently configured.

In the first embodiment the total focal length f of the lens
system is 22.90 mm, a half angle of view w is 32.2 degrees,
and F-number is 2.55. The following table 1 shows specific
data on the optical property of the lenses such as the curvature
radius (paraxial curvature radius on aspheric surfaces) R,
interval D between the neighboring lens faces, refractive
index N, and Abbe number v, Note that throughout the
embodiments, in the tables HOYA refers to a glass manufac-
turer, HOYA CORPORATION, and OHARA refers to
OHARA Inc. Face numbers with asterisk * are aspheric sur-
faces.

TABLE 1
SURFACE
NUMBER R D N, v;  P.r GLASSNAME NOTE
01 109.515 1.29 1.90366 31.32 0.5947 HOYA TAFD25 L1 Gl
02 -101.736 0.63
03 -21.298 0.80 1.60342 38.03 0.5835 OHARA S-TIMS L2
04 8.710 2.66 1.83481 42.73 0.5648 OHARA S-LAH55V L3
05 -41.531 1.80
06 APERTURE 3.30
07 -9.145 0.87 176182 2652 0.6136 OHARA S-TIH14 L4
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TABLE 1-continued

SURFACE
NUMBER R D N, v;, P,r GLASSNAME NOTE
08 36.988 2.26 1.83481 42.73 0.5648 OHARA S-LAH55V LS5
09 -32.285 0.10
10 74.823 3.67 1.80610 40.73 0.5465 HOYA M-NBFD130 L6
11% -14560  VARIABLE(DA)
12 ~14.000 1.20 1.48749 70.23 0.5300 OHARA S-FSL3 L7 G2
13 -25.496 12.61
14 @ 1.30 1.51680 64.20 Filter BG
15 @

In the table 1 the eleventh surface R11 of the sixth lens 1.6
is aspheric. The aspheric parameters or coefficients of the 117
surface R11 in the known formula are as follows.

K=0.0
A,=7.45972x107°
Ag=2.74768x1077
Ag=—2.29955x1071°

4,5=0.0

In the first embodiment the air space DA between the sixth
lens L6 of the first lens group G1 and the seventh lens L7 of
the second lens group G2 is variable. The following table 2
shows the values of the air space when an object distance is
changed to infinity and —40 (about object distance 500 mm)
due to a magnification change.

TABLE 2
INFINITE -1/20
DA 12,610 13560

Further, the values of the parameters in the first to eleventh
conditions are as follows.

Dy6.2o/L=0.348 1.
Sfie/f=0.911 2.
RortRor) (Rygr—RaGr)=—3 .44 3.
firolf=1.25 4
RirerDir 1r6=—1.79 5.
Lg /L ~0.351 6.
L/f=1.58 7.
YY£=0.620 8.
tan(0P,,)=0.536 9,
Mga=1.825 10.
Vgpa=42.1 11.

Thus, the imaging lens according to the first embodiment
satisfies the first to eleventh conditions.

FIG. 7 shows the aberration curves of the imaging lens
according to the first embodiment at d-line and g-line when
focusing on an infinite object and FIG. 8 shows the same
when focusing on a close-range object at a magnification of
—Y%50. Throughout the embodiments, in the aberration curves a
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broken line in the spherical aberration represents sine condi-
tion, a broken line and a solid line in the astigmatism represent
a meridional and a sagittal, respectively.

Second Embodiment

The imaging lens according to a second embodiment is
described referring to FIG. 2. For the sake of simplicity, only
a difference from the first embodiment is described. FIG. 2
cross-sectionally shows the configuration of the imaging lens
in focusing at infinity. The imaging lens in FIG. 2 is com-
prised of first to second lenses L1 to [.2, aperture diaphragm
AP, third to sixth lenses 1.3 to L6 arranged in this order from
the object side to the image plane. The third and fourth lenses
L3, L4 are a cemented lens. Thus, it is comprised of 5 groups
and 6 lenses.

Further, the lenses are integrally moved as a first lens group
G1 with a positive refractive power and a second lens group
(G2 with a negative refractive power in this order from the
object side. Each of the first and second lens groups G1, G2 is
supported in a frame and the first lens group G1 is moved
along the optical axis for focusing. A largest air space DA is
variably provided between the first and second lens groups
G1, G2 as in the first embodiment.

The first lens group G1 is comprised of the first to fifth
lenses L1 to L5. The first lens L1 is a negative lens with two
concave surfaces, a larger concave surface on the object side.
The second lens 1.2 is a positive lens with two convex sur-
faces, a larger convex on the object side. The third lens L3 is
anegative lens with two concave surfaces, a larger concave on
the object side. The fourth lens 1.4 is a positive lens with two
convex surfaces, a larger convex on the image side. The fifth
lens L5 is a positive meniscus lens with two convex surfaces,
a larger convex on the image side.

Also, the first lens group G1 includes the aperture dia-
phragm AP, a front lens group G1F and a rear lens group G1R
placing the aperture diaphragm in-between. The front lens
group G1F on the object side includes the first and second
lenses L1 to [.2 and the rear lens group G1R on the image side
includes the third to fifth lenses L3 to L5. The second lens
group G2 is the sixth lens [.6 as a negative meniscus lens with
a larger concave surface on the object side. A back glass BG
is disposed behind the first and second lens groups G1, G2 on
the image side.

As in the first embodiment, in focusing on an object from a
limited or close range to infinity, only the first lens group G1
is moved along the optical axis to protrude while the second
lens group G2 is fixed.

Inthe second embodiment the total focal length f of the lens
system is 22.99 mm, a half angle of view w is 32.5 degrees,
and F-number is 2.56. The following table 3 shows specific
data on the optical property of the lenses.
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TABLE 3

SURFACE
NUMBER R D N, v, P, » GLASS NAME NOTE
o1* -19.042 1.00 1.68893 31.16 0.6037 HOYA M-FD80 L1 Gl
02 32.587 0.10
03 17.848 2.33 1.88300 40.80 0.5654 HOYA TAFD30 L2
04 -21.421 0.80
05 APERTURE 4.39
06 -8.787 0.80 1.68893 31.16 0.5989 HOYA E-FD8§ L3
07 24.308 3.01 1.83481 42.72 0.5653 HOYA TAFDS5F L4
08 -19.079 0.10
09 -59.475 2.36 1.77387 47.25 0.5557 HIKARIQ-LASFH11 L3
10%* -14.339 VARIABLE(DA)
11 -13.524 1.20 1.67270 32.17 0.5962 HOYA E-FD5 L6 G2
12 -22.904 5.619
13 @ 1.30 1.51680 64.20 Filter BG
14 ]

In the table 3 the first and tenth surfaces R1 and R10 of the
first and fifth lenses L1, L5 are aspheric. The aspheric param-
eters or coefficients of the 1°” and 10? surfaces in the known
formula are as follows.

First Surface R1

K=0.0,
A,=—6.48729%107°
Ag=—3.64206x1077
Ag=9.41909x107°

A1=-2.27481x10710
Tenth Surface R10

K=0.0
A,=5.05271x107°
Ag=3.24752x1077
Ag=—1.48743x107%°

A,0=3.86782x107!1

In the second embodiment the air space DA between the

fifth lens L5 of the first lens group G1 and the sixth lens [.6 of

the second lens group G2 is variable. The following table 2
shows the values of the air space when an object distance is
changed to infinity and —40 (about object distance 500 mm)
due to a magnification change.

TABLE 4

INFINITE -1/20

DA 11.290 12.129

Further, the values of the parameters in the first to eleventh
conditions are as follows.

D\ 606/L=0.324 1.
f1e/f=0.854 5.
(RaGr+Ro6R) (Rogr—Rogr)=—3.89 3.
firelf=1.22 "

Rirer/Dirc-1re=—1.69

L 4/Ls =0.349
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L/=1.51 7.
Y/f=0.617 8.
tan(0P,, . )=0.554 9.
Mg,a=1.831 10.
Vapa—43.4 11.

Thus, the imaging lens according to the second embodi-
ment satisfies the first to eleventh conditions.

FIG. 9 shows the aberration curves of the imaging lens
according to the first embodiment at d-line and g-line when
focusing on an infinite object and FIG. 10 shows the same
when focusing on a close-range object at a magnification of
—Y%o0.

Third Embodiment

The imaging lens according to a third embodiment is
described referring to FIG. 3. For the sake of simplicity, only
a difference from the first embodiment is described. FIG. 3
cross-sectionally shows the configuration of the imaging lens
in focusing at infinity. The imaging lens in FIG. 3 is com-
prised of first to second lenses L1 to 1.2, an aperture dia-
phragm AP, third to sixth lenses 1.3 to .6 arranged in this
order from the object side to the image plane. The third and
fourthlenses [.3, .4 are a cemented lens. Thus, itis comprised
of'5 groups and 6 lenses.

Further, the lenses are integrally moved as a first lens group
G1 with a positive refractive power and a second lens group
(G2 with a negative refractive power in this order from the
object side. Each of the first and second lens groups G1, G2 is
supported in a frame and the first lens group G1 is moved
along the optical axis for focusing. A largest air space DA is
variably provided between the first and second lens groups
G1, G2 as in the first embodiment.

The first lens group G1 is comprised of the first to fifth
lenses L1 to L5. The first lens L1 is a negative lens with two
concave surfaces, a larger concave surface on the object side.
The second lens 1.2 is a positive lens with two convex sur-
faces, a larger convex on the object side. The third lens L3 is
anegative lens with two concave surfaces, a larger concave on
the object side. The fourth lens 1.4 is a positive lens with two
convex surfaces, a larger convex on the image side. The fifth
lens L5 is a positive lens with two convex surfaces, a larger
convex on the image side.

Also, the first lens group G1 includes the aperture dia-
phragm AP, a front lens group G1F and a rear lens group G1R
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placing the aperture diaphragm in-between. The front lens Sirclf=145 4.
group G1F on the object side includes the first and second
lenses L1 to [.2 and the rear lens group G1R on the image side Rirer/Dirg 1re==2:16 5
includes the third to fifth lenses L3 to L5. The second lens I e 0344 P
group G2 is the sixth lens L6 as a negative meniscus lens with 5 ST ’
a larger concave surface on the object side. A back glass BG Lf=151 7.
is disposed behind the first and second lens groups G1, G2 on
the image side. Y/f=0.618 8.

As in the first embodiment, in focusing on an object from a
limited or close range to infinity, only the first lens group G1 10 tan(67,,,,)=0.547 9.
is moved along the optical axis to protrude while the second
lens group G2 is fixed. Hape=1.873 10.

Inthe second embodiment the total focal length fof the lens B
system is 22.99 mm, a half angle of view w is 32.7 degrees, Vapa—40-6 1.
and F-number is 2.55. The following table 5 shows specific 15  Thus, the imaging lens according to the third embodiment
data on the optical property of the lenses. satisfies the first to eleventh conditions.

TABLE 5

SURFACE
NUMBER R D N, v;  P.p GLASSNAME NOTE
01 -23.416 1.00 154814 45.78 0.5686 OHARA S-TIL1 L1 Gl
02 128.083 0.10
03 23.801 1.74 1.88300 40.76 0.5667 OHARA S-LAH58 L2
04 -44.679 0.80
05 APERTURE 3.81
06 -9.949 0.80 1.80518 2542 0.6161 OHARA S-TIHG6 L3
07 26.658 2.78 1.88300 40.76 0.5667 OHARA S-LAH58 14
08 -24.229 0.10
09 270.532 3.23 1.85400 40.39 0.5677 OHARAL-LAH85 L5
10% -15271  VARIABLE(DA)
11 ~11.494 1.20 1.48749 70.24 0.5300 OHARA S-FSL5 L6 G2
12 -24.356 6.474
13 ® 1.30 151680 64.20 Filter BG
14 ]

In the table 5 the tenth surface R10 of the fifth lens L5 is
aspheric. The aspheric parameters or coefficients of the 10%
surface R10 in the known formula are as follows.

K=0.0
A,~4.68271x107°

Ag=-7.49722x1078
Ag=3.11817x107%°

A=-1.79903x107!!

In the third embodiment the air space DA between the fifth
lens L5 of the first lens group G1 and the sixth lens 1.6 of the
second lens group G2 is variable. The following table 6 shows
the values of the air space when an object distance is changed
to infinity and —Y%0 (about object distance 500 mm) due to a
magnification change.

TABLE 6
INFINITE -1/20
DA 10.990 11.783

. 6
Further, the values of the parameters in the first to eleventh

conditions are as follows.

D\ 66/L=0.316 1.
Ne/f=0.830 2.
RagrtRoor) RoorRar)==2.79 3.
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FIG. 11 shows the aberration curves of the imaging lens
according to the third embodiment at d-line and g-line when
focusing on an infinite object and FIG. 12 shows the same
when focusing on a close-range object at a magnification of
—Y%o0.

Fourth Embodiment

The imaging lens according to a fourth embodiment is
described referring to FIG. 4. For the sake of simplicity, only
a difference from the first embodiment is described. FIG. 4
cross-sectionally shows the configuration of the imaging lens
in focusing at infinity. The imaging lens in FIG. 4 is com-
prised of first to second lenses L1 to [.2, aperture diaphragm
AP, third to sixth lenses 1.3 to L6 arranged in this order from
the object side to the image plane. The third and fourth lenses
L3, L4 are a cemented lens. Thus, it is comprised of 5 groups
and 6 lenses.

Further, the lenses are integrally moved as a first lens group
G1 with a positive refractive power and a second lens group
(G2 with a negative refractive power arranged in this order
from the object side. Each of the first and second lens groups
G1, G2 is supported in a frame and the first lens group G1 is
moved along the optical axis for focusing. A largest air space

0 DA is variably provided between the first and second lens

groups G1, G2 as in the first embodiment.

The first lens group G1 is comprised of the first to fifth
lenses L1 to L5. The first lens L1 is a negative lens with two
concave surfaces, a larger concave surface on the object side.
The second lens 1.2 is a positive lens with two convex sur-
faces, a larger convex on the object side. The third lens L3 is
anegative lens with two concave surfaces, a larger concave on
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the object side. The fourth lens L4 is a positive lens with two
convex surfaces, a larger convex on the image side. The fifth
lens L5 is a positive meniscus lens with two convex surfaces,
a larger aspheric convex on the image side.

The first lens group G1 includes the aperture diaphragm

AP, a front lens group G1F and a rear lens group G1R placing
the aperture diaphragm in-between. The front lens group G1F
on the object side includes the firstand second lenses L1 to .2
and the rear lens group G1R on the image side includes the

16
TABLE 8
INFINITE -1/20
DA 14.760 15.771

Further, the values of the parameters in the first to eleventh
conditions are as follows.

\ 4 D 6.26/L=0.401 1.
third to fifth lenses 1.3 to 5. The second lens group G2 is the 10
sixth lens L6 as a nege.ltive meniscus lens with a .larg:er con- f15/f=0.880 5.
cave surface on the object side. A back glass BG is disposed
behind the first and second lens groups G1, G2. (RogrtRoop) (Ror—Rocr)-3.55 3.
As in the first embodiment, in focusing on an object from a
limited or close range to infinity, only the first lens group G1 15 Firerlf=1.12 4.
is moved along the optical axis to protrude while the second
lens group G2 is fixed. Rizer/Dire 1re=—2.10 5.
In the fourth embodiment the total focal length fof the lens
system is 26.10 mm, a half angle of view w is 28.4 degrees, Lg 4/Ls 70.310 6.
and F-number is 2.55. The following table 7 shows specific 20
data on the optical property of the lenses. Lf=141 7.
TABLE 7
SURFACE
NUMBER R D N, vs P,r GLASSNAME  NOTE
01* -23.106 1.00 1.68893 31.16 0.6037 HOYAM-FD&0 L1 Gl
02 38.954 0.10
03 19.400 2.49 1.88300 40.80 0.5654 HOYA TAFD30 L2
04 ~25.409 0.80
05 APERTURE 4.02
06 -10.106 0.80 1.69895 30.05 0.6028 HOYA E-FD15 L3
07 40.833 3.15 1.83481 42.72 0.5653 HOYA TAFDSF 14
08 -14.427 0.10
09 -30.482 2.00 1.74330 49.33 05527 HOYA M-NBF1 L5
10% -18.907  VARIABLE(DA)
11 -13.992 1.20 1.58144 40.89 0.5767 HOYA E-FLS L6 G2
12 -24.992 4.603
13 w 1.30 1.51680 64.20 Filter BG
14 ]
In the table 7 the first surface R1 of the first lens L1 and tenth 40 Yf=0.544 8.
surface R10 of the fifth lens L5 are aspheric. The aspheric
parameters or coefficients of the 1°* and 10” surfaces in the tan(6P,,,,)=0.568 9.
known formula are as follows.
First Surface R1 n, =1.820 10.
45 wa
K=0.0
Vapa=44.3 11.
4,7-5.18356x107 Thus, the imaging lens according to the fourth embodiment
. satisfies the first to eleventh conditions.
A6=7.03306x10 50 FIG. 13 shows the aberration curves of the imaging lens
Tenth Surface R10 according to the fourth embodiment at d-line and g-line when
focusing on an infinite object and FIG. 14 shows the same
K=0.0 . . . .
when focusing on a close-range object at a magnification of
~ " =Y50.
A4,=3.82341x10 55
Fifth Embodiment
Ag=2.11800x1077
B oo The imaging lens according to a fifth embodiment is
Ag==1.03464x10 described referring to FIG. 5. For the sake of simplicity, only
60 a difference from the first embodiment is described. FIG. 5

A,0=3.68428x107!1

In the fourth embodiment the air space DA between the

fifth lens L5 of the first lens group G1 and the sixth lens [.6 of
the second lens group G2 is variable. The following table 8
shows the values of the air space when an object distance is 65
changed to infinity and —40 (about object distance 500 mm)
due to a magnification change.

cross-sectionally shows the configuration of the imaging lens
in focusing at infinity. The imaging lens in FIG. 5 is com-
prised of first to second lenses L1 to [.2, aperture diaphragm
AP, third to sixth lenses 1.3 to L6 arranged in this order from
the object side to the image plane. The third and fourth lenses
L3, L4 are a cemented lens. Thus, it is comprised of 5 groups
and 6 lenses.
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Further, the lenses are integrally moved as a first lens group
G1 with a positive refractive power and a second lens group
(G2 with a negative refractive power arranged in this order
from the object side. Each of the first and second lens groups
G1, G2 is supported in a frame and the first lens group G1 is
moved along the optical axis for focusing. A largest air space
DA is variably provided between the first and second lens

5

18
In the fifth embodiment the air space DA between the fifth
lens L5 of the first lens group G1 and the sixth lens 1.6 of the
second lens group G2 is variable. The following table 10
shows the values of the air space when an object distance is
changed to infinity and —40 (about object distance 500 mm)
due to a magnification change.

groups G1, G2 as in the first embodiment. TABLE 10
The first lens group G1 is comprised of the first to fifth

lenses [.1 to L5. The first lens L1 is a negative lens with two 10 INFINITE -1/20

concave surfaces, a larger concave on the object side. The DA 11.150 11.948

second lens .2 is a positive lens with two convex surfaces, a

1?55?2;22:;3? otwn Othcemollgjaeig ::E?a C?Sl,e aﬂi{arrdgzncsoigaljeaorffﬁ e Fu.rt.her, the values of the parameters in the first to eleventh

object side. The fourth lens [.4 is a positive lens with two 15 conditions are as follows.

convex surfaces at the same curvature. The fifth lens L5 is a D, 6.2e/L=0.320 1.

positive lens with two convex surfaces, a larger convex on the

image side. f16//=0.835 2.
Also, the first lens group G1 includes the aperture dia-

phragm AP, a front lens group G1F and a rear lens group GIR 20 (Ror+Ro ) (Ragr—Ragr)=—2.87 3.

placing the aperture diaphragm in-between. The front lens

group G1F on the object side includes the first and second firclf=1.46 4.

lenses L1 to [.2 and the rear lens group G1R on the image side

includes the third to fifth lenses 1.3 to L5. The second lens Rirer/Dire1re=—2.17 5.

group G2 is the sixth lens .6 as a negative meniscus lens with 25

a larger concave surface on the object side. A back glass BG Lg 4/Ls 70.322 6.

is disposed behind the first and second lens groups G1, G2 on

the image side. L/f=1.52 7.
As in the first embodiment, in focusing on an object from a

limited or close range to infinity, only the first lens group G1 30 Y/£=0.620 8.

is moved along the optical axis to protrude while the second

lens group G2 is fixed. tan(0P,,,,)=0.550 9.
In the fifth embodiment the total focal length f of the lens

system is 22.91 mm, a half angle of view w is 32.8 degrees, gp=1.873 10.

and F-number is 2.54. The following table 9 shows specific 35

data on the optical property of the lenses. V apa=40.6 11.

TABLE 9

SURFACE

NUMBER R D N, v; P,y GLASSNAME NOTE

01 -22.825 1.00 1.54814 4579 0.5686 OHARA S-TIL1 L1 Gl

02 128.528 0.10

03 24,038 1.74 1.88300 40.76 0.5667 OHARA S-LAHS8 L2

04 -42.601 1.80

05 APERTURE 2.80

06 -9.970 0.80 1.80518 2542 0.6161 OHARA S-TIH6 L3

07 25.828 2.73 1.88300 40.76 0.5667 OHARA S-LAHS8 L4

08 -25.828 0.10

09 188.729 3.29 1.85400 40.39 05677 OHARAL-LAH85 L5

10% -15.128  VARIABLE(DA)

11 -11.423 1.20 148749 70.23 0.5300 OHARA S-FSLS L6 G2

12 -23.668 6.305

13 w 1.30 1.51680 64.20 Filter BG

14 @

In the table 9 the tenth surface R10 of the fifth lens L5 is
aspheric. The aspheric parameters or coefficients of the 10”
surface in the known formula are as follows.

Tenth Surface R10

K=0.0
A,=4.74266x107°
Ag=3.92946x1078
Ag=7.09415x1071°

4,5=0.0
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Thus, the imaging lens according to the fifth embodiment
satisfies the first to eleventh conditions.

FIG. 15 shows the aberration curves of the imaging lens
according to the third embodiment at d-line and g-line when
focusing on an infinite object and FIG. 16 shows the same
when focusing on a close-range object at a magnification of
—Y%o0.

Sixth Embodiment

The imaging lens according to a fifth embodiment is
described referring to FIG. 6. For the sake of simplicity, only
a difference from the first embodiment is described. FIG. 6
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cross-sectionally shows the configuration of the imaging lens
in focusing at infinity. The imaging lens in FIG. 6 is com-
prised of first to second lenses L1 to [.2, aperture diaphragm
AP, third to sixth lenses 1.3 to L6 arranged in this order from
the object side to the image plane. The third and fourth lenses
L3, L4 are a cemented lens. Thus, it is comprised of 5 groups
and 6 lenses.

Further, the lenses are integrally moved as a first lens group
G1 with a positive refractive power and a second lens group

20

A6=9.58020x1078
Ag=5.83238x10712

4,4=0.0

In the sixth embodiment the air space DA between the fifth
lens L5 of the first lens group G1 and the sixth lens 1.6 of the
second lens group G2 is variable. The following table 12
shows the values of the air space when an object distance is

G2 with a negative refractive power arranged in this order 10 changed to infinity and —%40 (about object distance 500 mm)
from the object side. Each of the first and second lens groups due to a magnification change.
G1, G2 is supported in a frame and the first lens group G1 is
moved along the optical axis for focusing. A largest air space TABLE 12
DA is variably provided between the first and second lens
groups G1, G2 as in the first embodiment. 15 INFINITE -1/20
The first lens group G1 is comprised of the first to fifth DA 10.280 1013
lenses L1 to L5. The first lens L1 is a negative meniscus lens
with a large concave surface on the image side. The second .
lens [.2 is a positive meniscus lens with a large convex surface Further, the values of the parameters in the first to eleventh
onthe object side. The third lens L3 is a negative lens with two 20 conditions are as follows.
concave surfaces, a larger concave on the object side. The D162/ L=0.309 1
fourth lens 1.4 is a positive lens with two convex surfaces, a
larger convex on the image side. The fifth lens [.5 is a positive fio/f=0.846 2.
lens with two convex surfaces, a larger convex on the image
side. 25 (Ryg+Ro6R)/ (Rogr—Rogr)=—1.26 3.
Also, the first lens group G1 includes the aperture dia-
phragm AP, a front lens group G1F and a rear lens group G1R Sirclf=1.82 4.
placing the aperture diaphragm in-between. The front lens
group G1F on the object side includes the first and second RirerDirG-1r6==1.89 5.
lenses [.1 to [.2 and the rear lens group G1R on the image side 30
includes the third to fifth lenses L3 to L5. The second lens Ls.o/Ls 0.407 6.
group G2 is the sixth lens .6 as a negative meniscus lens with
a larger concave surface on the object side. A back glass BG Ljf=1.62 7.
is disposed behind the first and second lens groups G1, G2 on
the image side. 35 Yif=0.673 8.
As in the first embodiment, in focusing on an object from a
limited or close range to infinity, only the first lens group G1 £an(0F,,)=0.652 o-
is moved along the optical axis to protrude while the second
lens group G2 is fixed. Hapa=1 872 10.
In the sixth embodiment the total focal length f of the lens 40
system is 20.50 mm, a half angle of view w is 34.9 degrees, Vapa—40.6 1.
and F-number is 2.54. The following table 11 shows specific Thus, the imaging lens according to the sixth embodiment
data on the optical property of the lenses. satisfies the first to eleventh conditions.
TABLE 11
SURFACE
NUMBER R D N, v, P, GLASSNAME NOTE
01 68.640 1.00 157501 41.50 0.5767 OHARA S-TIL27 L1 Gl
02 22.365 0.20
03 15.361 1.95 1.88300 40.80 0.5654 HOYA TAFD30 L2
04 63.122 1.80
05 APERTURE 341
06 -9.854 0.80 1.84666 23.78 0.6191 HOYA FDS90 L3
07 43.974 2.83 1.88300 40.80 0.5654 HOYA TAFD30 L4
08 -18.330 0.10
09 57.841 4.36 1.85135 40.10 0.5694 HOYA M-TAFD305 L5
10% -16.854  VARIABLE(DA)
11 -15.190 1.20 154814 45.79 0.5686 OHARA S-TIL1 L6 G2
12 ~131.769 3.499
13 ® 1.30 151680 64.20 Filter BG
14 @

In the table 11 the tenth surface R10 of the fifth lens L5 is
aspheric. The aspheric parameters or coefficients of the 10”
surface R10 in the known formula are as follows.

K=0.0

A,=5.74685x107°
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FIG. 17 shows the aberration curves of the imaging lens
according to the third embodiment at d-line and g-line when
focusing on an infinite object and FIG. 18 shows the same
when focusing on a close-range object at a magnification of

—1/50.
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Seventh Embodiment

Next, an imaging device as a digital camera including the
imaging lens according to one of the above embodiments is
described, referring to FIGS. 19A to 21. FIG. 19A is a per-
spective view of the exterior of the digital camera seen from
the object side when the imaging lens is collapsed into a
camera body, and FIG. 19B is a perspective view of the same
when the imaging lens is partially protruded. FIG. 20 is a
perspective view of the rear side of the digital camera. FIG. 21
is a block diagram of the functions of the digital camera. The
present embodiment exemplifies a digital camera, however,
the imaging lens is applicable to a hand-held data terminal
device such as a portable phone, PDA (personal data assis-
tant) and a data terminal such as a smart phone in addition to
a video camera or a film camera.

The digital camera in FIGS. 19A, 19B, 20 comprises an
imaging lens 101, a shutter button 102, a digital zoom button
103, a viewfinder 10, a stroboscopic portion 105, a liquid
crystal display 106, an operation button 107, a power switch
108, a memory card throttle 109, and a communication card
throttle 110. Further, it comprises a light emitting element
111, a signal processor 112, an image processor 113, a CPU
117, a semiconductor memory 115 and a communication card
116.

In this digital camera the imaging lens 101 forms an optical
image of a subject and the light receiving element 111 as an
area sensor reads the optical image.

The output of the light receiving element 111 is processed
by the signal processor 112 under the control of the CPU 114
and converted into digital image data. The digital image data
is subjected to predetermined image processing by the image
processor 113 under the control of the CPU 114 and stored in
the semiconductor memory 115 as a non-volatile memory.
The semiconductor memory 115 can be a memory card
mounted in the throttle 109 or a semiconductor memory
incorporated in a camera body. The LCD 106 can display
captured images and stored images in the memory 115. The
stored images can be transmitted to outside from the memory
115 via the communication card 116 mounted in the throttle
110.

The imaging lens 101 is collapsed into the camera body
during non-use as shown in FIG. 19A. At power-on with the
power switch 108 it is protruded from the camera body as
shown in FIG. 19B. By a manipulation of the zoom button
103, the imaging lens can change a cutoff area of a subject
image for zooming. Preferably, the optical system of the
viewfinder 104 varies in magnification along with a change in
the effective angle of view.

Upon a half press to the shutter button 102, the first lens
group G1 alone is moved for focusing. Upon a full press, a
subject image is captured. By a manipulation of the operation
button 107, the stored images in the memory 115 are dis-
played on the LCD 106 or transmitted to outside via the
communication card 110. The memory 115 and communica-
tion card 116 are mounted in general-purpose or dedicated
throttles as the throttles 109, 110.

While the imaging lens 101 is in a collapsed state, the lens
groups thereof do not need to be aligned on the optical axis.
For example, the second lens group G2 can be moved away
from the optical axis to be contained in parallel to the first lens
group G1. This can achieve a further thinned digital camera.

Although the present invention has been described in terms
of' exemplary embodiments, it is not limited thereto. It should
be appreciated that variations or modifications may be made
in the embodiments described by persons skilled in the art
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without departing from the scope of the present invention as
defined by the following claims.

What is claimed is:

1. An imaging lens comprising:

a first lens group having a positive refractive power on an
object side and including at least three positive lenses
and at least two negative lenses; and

a second lens group having a negative refractive power on
an image side and consisting of a negative lens, the first
and second lens groups arranged in this order from the
object side with a widest air space in-between, wherein

in focusing an object from infinity to a close range, only the
first lens group is moved to the object side and the
second lens group is fixed relative to an image plane.

2. An imaging lens according to claim 1, wherein

the first and second lens groups are arranged to satisfy the
following condition:

0.20<D .26/L<0.50

where D, ; , is a distance from a lens surface of the first
lens group closest to the image side to a lens surface of
the second lens group closest to the object side when
focusing on the infinite object, and L is a distance from
a lens surface of the first lens group closest to the object
side to the image plane when focusing on the infinite
object.

3. An imaging lens comprising:

a first lens group having a positive refractive power on an
object side and including at least three positive lenses
and at least two negative lenses; and

a second lens group having a negative refractive power on
an image side and having a negative lens, the first and
second lens groups arranged in this order from the object
side with a widest air space in-between, wherein

in focusing an object from infinity to a close range, only the
first lens group is moved to the object side and the
second lens group is fixed relative to an image plane, and

the first and second lens groups are arranged to satisfy the
following conditions:

0.20<D, 6 5/L<0.50

0.75<f,/f<0.95

where D, ; , is a distance from a lens surface of the first
lens group closest to the image side to a lens surface of
the second lens group closest to the object side when
focusing onthe infinite object, L is a distance from a lens
surface of the first lens group closest to the object side to
the image plane when focusing on the infinite object, f,
is a focal length of the first lens group, and f is a focal
length of the entire lens system.

4. An imaging lens according to claim 1, wherein

the second lens group is configured to satisfy the following
condition:

=6.5<(RyartRoor) RocrRagr)<-1.0

where R, is a curvature radius of an object-side surface
of the negative lens, and R, 55 is a curvature radius of an
image side surface of the negative lens.

5. An imaging lens comprising:

a first lens group having a positive refractive power on an
object side and including at least three positive lenses
and at least two negative lenses; and

a second lens group having a negative refractive power on
an image side and having a negative lens, the first and
second lens groups arranged in this order from the object
side with a widest air space in-between, wherein
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in focusing an object from infinity to a close range, only the
first lens group is moved to the object side and the
second lens group is fixed relative to an image plane,

the first lens group comprises an aperture diaphragm, a
front lens group arranged closer to the object side than
the aperture diaphragm, and a rear lens group arranged
closer to the image side than the aperture diaphragm, and

the first lens group is configured to satisfy the following
condition:

1051 /f<2.0

where f, - is a focal length of the front lens group and fis
a focal length of the entire lens system.

6. An imaging lens according to claim 5, wherein:

the rear lens group includes a negative lens closest to the
object side and having a concave surface on the object
side; and

the rear lens group is configured to satisfy the following
condition:

-2.5<R lRGF/DlFG—lRG<_1'0

where R | 515 a curvature radius of the concave surface of
the negative lens and D, -, . 1s a distance from a lens
surface of the front lens group closest to the image to a
lens surface of the rear lens group closest to the object
side.

7. An imaging lens according to claim 5, wherein:

the rear lens group includes an aspheric surface shaped
such that closer to a periphery a portion is, a positive
refractive power of the portion becomes smaller;

the rear lens group is configured to satisfy the following
condition:

0.25<Lgs_,/Lg ;<0.55

where L;_, is a distance from the aperture diaphragm to the
aspheric surface and L¢ ,is a distance from the aperture
diaphragm to the image plane.

8. An imaging lens according to claim 5, wherein

the rear lens group comprises, from the object side, a nega-
tive lens with a concave surface on the object side, a
positive lens with a convex surface on the image side,
and a positive lens with a convex surface on the image
side.
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9. An imaging lens comprising:

a first lens group having a positive refractive power on an
object side and including at least three positive lenses
and at least two negative lenses; and

a second lens group having a negative refractive power on
an image side and having a negative lens, the first and
second lens groups arranged in this order from the object
side with a widest air space in-between, wherein

in focusing an object from infinity to a close range, only the
first lens group is moved to the object side and the
second lens group is fixed relative to an image plane, and

the imaging lens is configured to satisfy the following
condition:

1.2<L/f<2.0

where in focusing on the infinite object, L is a distance
from a lens surface closest to the object side to the image
plane and f'is a focal length of the entire lens system.

10. An imaging lens comprising:

a first lens group having a positive refractive power on an
object side and including at least three positive lenses
and at least two negative lenses; and

a second lens group having a negative refractive power on
an image side and having a negative lens, the first and
second lens groups arranged in this order from the object
side with a widest air space in-between, wherein

in focusing an object from infinity to a close range, only the
first lens group is moved to the object side and the
second lens group is fixed relative to an image plane, and

the imaging lens is configured to satisfy the following
conditions:

0.50<Y7f<0.75

0.50<tan(6P

max.

)<0.70

where Y' is a maximal image height, 6P, is an incidence
angle of a principal beam reaching the maximal image
height on the image plane, and f is a focal length of the
entire lens system in focusing on the infinite object.
11. A camera comprising the imaging lens according to
claim 1 as a photographic optical system.
12. A hand-held data terminal device comprising a camera
function and the imaging lens according to claim 1 as a
photographic optical system.
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